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>@7KHQHZFRQFHSW WKHORFDO+XUVWH[SRQHQW
+W LQ UHODWLRQ ZLWK WKH IOXFWXDWLRQV RI VPDOO DQG ODUJH DPSOLWXGHV LQ 76 LV FRUUHODWHG ZLWK WKH TRUGHU +XUVW
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7KHGLVWULEXWLRQ3KDQGWKHPXOWLIUDFWDOVSHFWUXP06RIELRPHGLFDOWLPHVHULHVPLJKWUHIOHFWLPSRUWDQWSURSHUWLHV
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OHIW DQG ULJKW KHPLVSKHUH RI
HOHFWURGHVSRVLWLRQHGXVLQJWKHLQWHUQDWLRQDOVWDQGDUG7KHIROORZLQJILJXUHVIURPWKLVSDSHUDUHUHSUHVHQWLQJ
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2Q)LJWKHEOXHVLJQDOVDUHWKHUHFRUGLQJV)&)&77HOHFWURGHVSRVLWLRQVLQRUGHUIURPWRSWRERWWRP
IURPWKHILUVWVHTXHQFH7KHVDPSOLQJIUHTXHQF\IRUHDFKUHFRUGLQJLV)V +]7KHOHQJWKRIWKHUHFRUGLQJVLV
V7KHUHGVLJQDOLQWRSRIWKHUHFRUGLQJVLVWKHFDOFXODWHGUDQGRPZDONOLNHYDULDWLRQLQHDFKWLPHVHULHV7KLV
UDQGRPZDONLVDQRUPDOL]HGFXPXODWHVXPRIWKHVLJQDODIWHUUHPRYLQJWKHPHDQYDOXHRILW7KLVLVWKHVWDUWLQJ
VLJQDO IRU WKH')$DQDO\VLV7KLV LVQRWDQDYHUDJHRI WKHVLJQDOEXW LV UHIOHFWLQJ WKHFXPXODWH WLPHFRXUVHRI WKH
UHFRUGLQJ,QJHQHUDOWKHUHFRUGHGVLJQDOVDUHFRQWDPLQDWHGE\GLIIHUHQWW\SHRIQRLVHV$QDERXWVVHTXHQFHRI
128   L.F. Márton et al. /  Procedia Technology  12 ( 2014 )  125 – 132 
H\HEDOOPRYLQJWDVNZDVUHSHDWHGF\FOHVGXULQJUHFRUGLQJV$EOXHF\DQ)&)&DQGUHGPDJHQWD77
FRORUFRGLVXVHGDORQJHDFKRIILJXUHV
)LJXUH)LJLVSUHVHQWLQJWKHYDOXHVRIDYHUDJH506FRORUHGGRWVLQFDVHRIXVLQJDVHTXHQFHRIWLPHVFDOHV
FRPSXOVRU\ WLPH ZLQGRZV VFDOHV RI SRZHU RI WZR VDPSOH OHQJWKV )V +] VDPSOLQJ IUHTXHQF\ RI WKH
UHFRUGLQJV)RUHDFKRIXVHGWLPHVFDOHDQGIRUHDFKRIUHFRUGLQJVZHKDYHWKH506YDOXH7KHDYHUDJHRIWKHVH
YDOXHV RI 506 LQ FDVH RI D VFDOH KDV D UHSUHVHQWDWLRQ ZLWK D FRORU FRGHG GRW LQ WKH ILJXUH )LJ  ,W LV YHU\
LPSRUWDQWWKDWZLWKLQHDFKWLPHVFDOHLWZDVFDOFXODWHGDWUHQGOLQHDURUQRWOLQHDUDQGEHIRUHFDOFXODWLQJWKH506
YDOXHIRUHDFKWLPHVFDOHWKHDSSUR[LPDWHWUHQGYDOXHLVUHPRYHGIURPWKHVLJQDOYDOXHGHWUHQGLQJSURFHGXUH



)LJ5HFRUGHGWLPHVHULHVDUHWKHEOXHVLJQDOV7KHUHGVLJQDOVDUHWKHFXPXODWH76VVHJPHQWRIWKH
RULJLQDOUHJRUGLQJV

,QHDFKVSHFLILFWLPHVHULHVIRUWKHFDOFXODWHG506YDOXHVGRWVRIFRUUHVSRQGLQJFRORXUDOLQHDUDSSUR[LPDWH
)LJVORSHLVWKHVRFDOOHGDYHUDJH+XUVWH[SRQHQW7ZRUHPDUNVDUHLPSRUWDQWZLWKWKHVHDSSUR[LPDWLRQV)LUVWO\
LWVKRZVWKDWWKHOLQHDUDSSUR[LPDWLRQLVQRWWKHEHVWSRVVLEOHPHWKRG,QFDVHRIWKHWLPHVHULHVDWVKRUWWLPHVFDOHV
 WR  DQG ORQJ WLPHVFDOHV  WR  WKH ILWWLQJ LV QRW VR JRRG 6KRUW WLPHVFDOHV DUH SURSHU IRU KLJKHU
IUHTXHQF\FRPSRQHQWVRIWKH76ORQJHUWLPHVFDOHVIRUORZHUIUHTXHQF\FRPSRQHQWV7KLVDVSHFWLVVXJJHVWLQJWKDW
GLIIHUHQWIUHTXHQF\FRPSRQHQWVRIWKHVLJQDODUHQRWOLQHDUO\GLVWULEXWHGZLWKLQWKHVLJQDOV

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
)LJ3ORWRIDYHUDJH506YHUVXVWKHWLPHVFDOHVL]HVFDOHLQORJFRRUGLQDWHV$VFDOHUHODWLRQLVLQGLFDWHGE\WKHVORSHRIWKHUHJUHVVLRQOLQHV
+XUVWFRHIILFLHQWDSRZHUODZH[SRQHQW7KHHUURURIILWWLQJDUHYLVLEOHDWORZDQGKLJKWLPHVFDOHV
,QDQ\FDVHWKLVOLQHDUDSSUR[LPDWLRQLVRQO\DQDYHUDJHRIWLPHVFDOHGHSHQGHQFHRIWKHVLJQDO
7KHVHFRQGREVHUYDWLRQLVUHJDUGLQJWKH+XUVWH[SRQHQW7KLVH[SRQHQW+LVWKHYDOXHRIWKHVORSHRIWKHEHVW
ILWWLQJOLQHDUDSSUR[LPDWLRQRIWKHDYHUDJH506IRUHDFKVLJQDOZKHQZHKDYHXVHGQRWRYHUODSSLQJZLQGRZV,IWKH
VORSHLVWKHQWKHILWWLQJOLQHLVKRUL]RQWDODQGWKHVLJQDOFDQEHFRQVLGHUHGDQRLVH,QWKLVFDVHWKHOHQJWKRIWKH
WLPHVFDOHV KDYH QR LQIOXHQFH XSRQ WKH DYHUDJH506V:H FDQ VHH WKDW WKH VW VLJQDOZLWK+XUVW H[SRQHQW 
VKRXOGEHFRQVLGHUHGDVDZKLWHQRLVHVLJQDO7KHUDQJHRI+XUVWH[SRQHQWVGHILQHVDFRQWLQXXPRIIUDFWDOVWUXFWXUHV
DV ZKLWH QRLVH OLNH +   SLQN QRLVH OLNH +  UDQGRPZDON OLNH + !  6LJQDOV ZLWK + !  FDQ EH
FRQVLGHUHGDVPXOWLIUDFWDOVLJQDOVLQRWKHUFDVHWKH\DUHFDOOHGPRQRIUDFWDO76


)LJ7KHTRUGHU+XUVWH[SRQHQW7KHEOXHDQGF\DQOLQHVFDQEHFRQVLGHUHGIURPQRLVHFDWHJRU\+IRUHDFKTRUGHU
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
)LJ$WKH+TFXUYHVRIWKHIRXUVLJQDOVVHHDOVR)LJ%7KHWTPDVVH[SRQHQWFRPSXWHGIURP+T7KH0XOWLIUDFWDO6SHFWUXP06LV
WKHSORWWLQJRI'TDQGKTDJDLQVWHDFKRWKHU7KHFRQVWDQW+TQRLVHW\SH76OHDGVWRDOPRVWOLQHDUWTWKDWIXUWKHUOHDGVWRDOPRVWFRQVWDQWKT
DQG'TWKDWILQDOO\DUHMRLQHGWREHFRPHDOPRVWVPDOODUFVLQDV06
7KHVWUXFWXUHRIDPXOWLIUDFWDODQGPRQRIUDFWDO76LVGLIIHUHQWHYHQLIWKH\KDYHVLPLODUDYHUDJH506VDQG+XUVW
H[SRQHQWYDOXHVOLQHDUILWWLQJVORSH0XOWLIUDFWDO76VKDYHORFDOIOXFWXDWLRQVZLWKVPDOODQGODUJHDPSOLWXGHV)RU
DELRVLJQDOWREHFRQVLGHUHGVLJQLILFDQWDWOHDVWRQHRILWVIUHTXHQF\FRPSRQHQWZLWKELRORJLFDOVLJQLILFDQFHPXVW
KDYHDODUJHDPSOLWXGH
7KHQGRUGHUVWDWLVWLFVPHDQYDULDQFHDUHHQRXJKWRGHVFULEHRVFLOODWLRQVZKHUHIOXFWXDWLRQVRIODUJHDQGVPDOO
DPSOLWXGHV DUH QRW VLJQLILFDQW ,Q WKH PXOWLIUDFWDO WLPH VHULHV ORFDO IOXFWXDWLRQ ZLOO EH RI ODUJH DPSOLWXGH IRU
VHJPHQWVZLWKLQWLPHSHULRGVRIODUJHIOXFWXDWLRQVDQGRIVPDOODPSOLWXGHIRUVHJPHQWVZLWKLQWKHWLPHSHULRGVRI
VPDOOIOXFWXDWLRQV8VXDOO\LWLVFRQVLGHUHGWKDWTRUGHUVZLWKLQWKHLQWHUYDO>@LQIOXHQFHWKHVHJPHQWVZLWKODUJH
DQGVPDOOIOXFWXDWLRQV)RUSRVLWLYHTWKHVHJPHQWVZLWKODUJHIOXFWXDWLRQVDUHLQIOXHQFHGIRUQHJDWLYHTVHJPHQWV
ZLWKVPDOODPSOLWXGHRIIOXFWXDWLRQVDUHLQIOXHQFHG)RUWKHYDOXHT ZHPXVWXVHVSHFLDOFRQVLGHUDWLRQV8VLQJ
WKHVHLGHDVZHFDQFDOFXODWHWKHT506WKHTRUGHU5067KHYDOXHVRIT506DQGFRUUHVSRQGLQJ+T +TDUH
SUHVHQWHGLQ)LJ$)LJ7KLV+TYDULDWLRQLVRQO\RQHRIGLIIHUHQWW\SHVRIVFDOLQJH[SRQHQWV$WILUVWWKLV+T
YDULDWLRQLVWUDQVIRUPHGWRWKHTRUGHUPDVVH[SRQHQWWTVHH)LJ%7KLVWTPDVVH[SRQHQWLVWUDQVIRUPHGLQWR
TRUGHUVLQJXODULW\H[SRQHQWKTDQGTRUGHUVLQJXODULW\GLPHQVLRQ'T7KHSORWRIKTYHUVXV'TLVWKH0XOWLIUDFWDO
6SHFWUXP06VHH)LJ&>@7KH06LVFRPSRVHGIURPGLIIHUHQWDUFV7KHPXOWLIUDFWDOVSHFWUXPPXVWKDYHD
ORQJOHIWWDLOLQFDVHWKHWLPHVHULHVKDYHDPXOWLIUDFWDOVWUXFWXUHWKDWLVDOPRVWLQYDULDQWWRWKHORFDOIOXFWXDWLRQVZLWK
LQVLJQLILFDQWDPSOLWXGHV,QRWKHUFDVHZKHQWKHPXOWLIUDFWDOVSHFWUXPKDVDORQJULJKWWDLO)LJ&UHGPDJHQWD
WKHQWKH76KDYHDPXOWLIUDFWDOVWUXFWXUHDOPRVWLQYDULDQWWRWKHORFDOIOXFWXDWLRQVZLWKVLJQLILFDQWDPSOLWXGHV

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
)LJ$7KHIRXUWLPHVHULHVXSSHUSDQHODQGWKHLUORFDO+XUVWH[SRQHQWV+WORZHUSDQHO7KHODUJHDPSOLWXGHRIORFDOYDULDWLRQFRQWDLQV
WKHVPDOOHVW+WZKHQORFDOIOXFWXDWLRQRIVPDOOHVWDPSOLWXGHFRQWDLQVWKHPD[LPXPRI+WWLVLVDERXWVHFRQGVHJPHQWRIWKHRULJLQDOUHFRUGLQJV
%7KHSUREDELOLW\GLVWULEXWLRQ3KRIWKHORFDO+XUVWH[SRQHQWV+WHVWLPDWHGDVKLVWRJUDPV&7KHPXOWLIUDFWDOVSHFWUXP'KHVWLPDWHGIURP
GLVWULEXWLRQ3K7KHDUURZVDUHLQGLFDWLQJH[WUHPHIOXFWXDWLRQVZLWKLQWKHIRXU7V )V
1RZZHUHSUHVHQWWKORFDO+XUVWH[SRQHQW+W7KHFDOFXODWLRQRIORFDO+XUVWH[SRQHQWLVDQRWKHUZD\WRJHWD
PXOWLIUDFWDO VSHFWUXPDVDPHDVXUHRI WKH IUDFWDO VWUXFWXUHRIDELRVLJQDO$ ORFDO+XUVWH[SRQHQWFDQEHGHILQHG
GLUHFWO\IURPT506IRUHDFKWLPHLQVWDQW7KHORFDO+XUVWH[SRQHQWLVHVWLPDWHGIRUDPXOWLIUDFWDOWLPHVHULHVZLWK
IOXFWXDWLRQLQWLPHVHH)LJ$7KHORFDOFKDUDFWHULVWLFRI+WLVEHFDXVHLWLVDEOHWRLGHQWLI\WKHWKLPHPRPHQW
ZKHQDIUDFWDOW\SHRIFKDQJLQJKDVKDSSHQHG
7KH WHPSRUDO YDULDWLRQRI WKH ORFDO+XUVW H[SRQHQW FDQEH WXUQHG LQWR D SUREDELOLW\ OLNH GHQVLW\ IXQFWLRQ VHH
)LJ  % DQG ILQDOO\ LQWR WKH PXOWLIUDFWDO VSHFWUXP 7KLV 06 LV WKH QRUPDOL]HG SUREDELOLW\ GLVWULEXWLRQ LQ ORJ
FRRUGLQDWHVVHH)LJ&7KHZLGWKDQGVKDSHRIWKHPXOWLIUDFWDOVSHFWUXPUHIOHFWWKHWHPSRUDOYDULDWLRQRIWKH
ORFDO+XUVWH[SRQHQWWKHEDVLFFKDUDFWHULVWLFVRIHDFKDQDO\]HG76
&RQFOXVLRQV
7KHPXOWLIUDFWDO VSHFWUXP06UHIOHFWV WKHYDULDWLRQ LQ WKH IOXFWXDWLRQVWUXFWXUHRI WKHELRPHGLFDO WLPHVHULHV
QRQOLQHDUQRQVWDWLRQDU\VLJQDOV>@7KHPHWKRGVWRFDOFXODWH06DUHVLPSO\EDVHGRQWKHFRPSXWDWLRQRIORFDO
506IRUPXOWLSOHVHJPHQWVL]HV06LQGLFDWHV WKH WUHQGVIURP76DIWHU UHPRYLQJ WKHJHQHUDO WUHQGVRIYDULDWLRQ
:LWKVKRUWDQGORQJVFDOHTRUGHUDQDO\VHVZHFDQJHWDQLQVLGHWRDQHXUDODVVHPEO\DWWKHRULJLQRIWKHDQDO\]HG
VLJQDO)URPRQHSRLQWRIYLHZ')$VKRXOGEHHPSOR\HGWRHQVXUHWKDWWKHELRPHGLFDOWLPHVHULHVKDVDQRLVHOLNH
VWUXFWXUH5HFHQWVWXGLHVKDYHUHSRUWHGWKDW')$H[SRQHQWVRIQHXURQDORVFLOODWLRQVDUHLQGHSHQGHQWRIRVFLOODWLRQ
SRZHUIRUDJLYHQIUHTXHQF\EDQG0RVWVWXGLHVIRXQGWKH')$DYHU\XVHIXOLQVWUXPHQWWRVWXG\QHXURQDOG\QDPLFV
LQDKHDOWK\DQGFRUWLFDO VLNQHVV')$ LVD UHFRJQL]HGPHWKRG WRDQDO\]H WKHVFDOLQJSURSHUWLHVRIQRQVWDWLRQDU\
VLJQDOVDQGDOORZVDFKDUDFWHUL]DWLRQRIPXOWLIUDFWDOQRQVWDWLRQDU\76ZKHUHDTGHSHQGHQWSURFHGXUHLVUHTXLUHG
7KHVHUHVXOWV LQGLFDWH WKDW WKH')$FDQEHXVHGDVDUREXVWPHDVXUHRIRVFLOODWRU\G\QDPLFVZKLFKFDSWXUHVDOVR
RWKHUIHDWXUHVRIEUDLQDFWLYLW\WKDQWKRVHVHHQLQFODVVLFDODQDO\VLVVXFKDVVSHFWUDODQDO\VLV,QFRUURERUDWLRQZLWK
VSDWLDODQGWHPSRUDOFRQVLGHUDWLRQVRIUHFRUGLQJHOHFWURGHVSRVLWLRQVWKHUHODWLYHVKDSHDQGSRVLWLRQRIFDOFXODWHG
06VDUHGHWHUPLQDQWIRUSK\VLRORJLFDOHYHQWVLGHQWLILFDWLRQDQGIRUWKHLULQWHUUHODWLRQ
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